Background: Expanding access to HIV preexposure prophylaxis (PrEP) could help reduce rates of HIV infection in the United States. This study characterizes activities and barriers to PrEP implementation at local health departments (LHDs) in North Carolina (NC), which contains a large rural population.
INTRODUCTION
Preexposure prophylaxis (PrEP) for human immunodeficiency virus (HIV) using a daily oral combination of emtricitabine (FTC) and tenofovir disoproxil fumarate (TDF) is now accepted as a safe and highly efficacious HIV prevention method. [1] [2] [3] [4] [5] Based on early clinical trials demonstrating 44%-75% reductions in HIV incidence with the use of FTC/TDF, 1,2,4 the United States (US) Food and Drug Administration (FDA) approved FTC/TDF for PrEP in 2012. 6 The US Public Health Service has since issued PrEP clinical practice guidelines, 7 and PrEP has been incorporated into the US National HIV/AIDS Strategy. 8 An estimated 1.2 million US adults have indications for PrEP according to US Public Health Service guidelines, including 25% of adult men who have sex with men (MSM), 18% of adult intravenous drug users, and 0.4% of heterosexually active adults. 9 Although national rates of PrEP initiation have increased annually since 2012, fewer than 80,000 US individuals have started FTC/TDF for PrEP as of 2015. 10 Modeling data suggest that expanding the number of at-risk persons taking PrEP could have a major impact on HIV incidence; Jenness et al 11 estimated that PrEP use by 40% of at-risk MSM in the United States could prevent 33% of new HIV infections over the next decade.
Unfortunately, the task of achieving and maintaining population-level PrEP coverage in the United States has been challenging, especially among underserved populations. Provision of PrEP-related care by sexually transmitted disease (STD) clinics in local health departments (LHDs) represents a potential strategy to increase PrEP accessibility among health uninsured and publically insured populations. 12, 13 These settings may also be successful at engaging MSM, racial and ethnic minorities, and individuals without regular access to primary care. 14, 15 Early PrEP demonstration projects exploring the feasibility of PrEP implementation in public health clinics have reported high levels of interest and adherence to PrEP among participants from these settings. 16, 17 North Carolina (NC) has one of the highest rates of HIV diagnoses among the US states, with 15.9 newly diagnosed infections among adults and adolescents per 100,000 population in 2015. 18 The rate of HIV diagnoses has remained unchanged since the approval of FTC/TDF for PrEP in 2012, suggesting a need for new strategies to enhance PrEP use across the state. 19 To this end, the roles of NC LHDs in PrEP provision have not been comprehensively characterized. In this study, we conducted a survey of county and district health departments throughout NC to assess PrEP-related activities and examine barriers to PrEP implementation in this setting.
METHODS

Study Setting
NC is divided into 100 counties, which are served by a total of 85 LHDs operating at the county or multi-county (ie, district) level. All LHDs in the state are required by NC law to offer core STD services to county or district residents. NC has the second largest rural population of any US state, with 3.2 million people residing in rural areas in 2010. 20 
Web-Based Survey of LHDs
In May 2016, a web-based survey was developed and distributed by email listserv to all 85 LHDs in NC. The survey was sent from the NC Communicable Disease Branch to LHD health directors. Health directors were requested to personally complete the survey, but were not explicitly restricted from forwarding it to a designee. Completed surveys were collected using an online survey platform (SurveyMonkey, San Mateo, CA) over approximately 3 weeks. No compensation was provided for participation.
The survey comprised 20 multiple-choice or openended questions about respondent and LHD characteristics, PrEP-related activities, and PrEP-related resources. Demographic characteristics were collected by asking respondents to report their affiliated county or district, sex, age group, years of experience in public health, whether they personally provided patient care through their affiliated LHD, and whether they had heard of PrEP.
Respondents were asked to describe the perceived optimal role of LHDs in PrEP implementation in NC, whether each LHD had received PrEP-related inquiries, and to describe the current state of PrEP-related activities at each LHD. Those affiliated with LHDs engaged in PrEP-related activities were asked to characterize PrEP referral or provision at their department and describe barriers to PrEP referral or provision. Those affiliated with LHDs not engaged in PrEP-related activities were asked to identify reasons for not providing these services.
Respondents were also asked to identify desired PrEPrelated resources at each LHD. Response choices included various training materials for department staff, protocols, a directive from the NC Department of Health and Human Services, on-call assistance, support for patient assistance programs, and education materials for health providers and/or the community.
Data Analysis
When more than 1 survey was submitted per LHD (8/85; 9%), only the more complete submission was included in our analysis. Because county-level HIV incidence estimates were not available to this study, early (primary, secondary, and early latent) syphilis diagnosis rates were used to approximate STD incidence. County-or district-level HIV and early syphilis diagnosis rates per 100,000 population were calculated based on 2015 STD surveillance data from the NC Department of Health and Human Services and July 2015 population estimates from the National Center for Health Statistics. 19, 21 Survey and county-or district-level HIV data were analyzed in R (Vienna, Austria) using RStudio (Boston, MA). Bivariate analysis was performed using Wilcoxon rank-sum test; 2-sided P value was used.
Ethics Statement
This study was conducted as part of an institutional review board research-exempt protocol (Duke Pro00067331). No personal health information was collected in the survey.
RESULTS
Respondent Characteristics
Fifty-six (66%) of 85 LHDs responded to the survey. All have on-site STD clinics. Of survey respondents, 47 (84%) were females and 21 (38%) provided clinical care to LHD clients. Twenty-four (43%) were 45 years of age or younger. Nine (16%) reported fewer than 5 years of public health experience, 9 (16%) reported 6-10 years, 12 (21%) reported 11-15 years, 4 (7%) reported 16-20 years, and 22 (39%) reported greater than 20 years. Awareness of PrEP was reported among 49 (88%) of total respondents and among all respondents providing clinical care at their department.
Among the participating LHDs' jurisdictions, the median (range) jurisdiction-wide rate of new HIV diagnoses in 2015 was 9 (0-34) diagnoses per 100,000 population, and the median (range) rate of persons living with diagnosed HIV was 215 (65-628) persons per 100,000 population.
PrEP-Related Activities
Nine (16%) LHDs reported receiving PrEP-related inquiries from health care providers in the community, and 20 (36%) reported receiving inquiries from the general public. Six (11%) respondents were unsure whether their affiliated departments had received PrEP-related inquiries.
Nine (16%) LHDs were engaged in PrEP-related activities, defined as either PrEP prescribing at health department clinics or referral of clients to PrEP prescribers in the community, at the time of survey (Fig. 1) . LHD engagement in PrEP-related activities was associated with higher rates of HIV diagnoses (P = 0.04) and higher rates of persons living with diagnosed HIV (P = 0.004) within the jurisdiction of the LHD, but there was no association between LHD engagement and early syphilis diagnosis rates (P = 0.1). Of the 9 LHDs engaged in PrEP-related activities, 2 reported on-site PrEP prescribing. Both of these LHDs prescribed PrEP to health-insured and uninsured clients, and neither identified any barriers to prescribing. The other 7 LHDs referred clients externally to PrEP prescribers in the community. Of these, 4 referred clients to community health centers, 3 to academic medical centers, 1 to private practices, and 1 to various local providers without a formal process. Five (71%) of these LHDs reported no barriers to PrEP referral. Among the 2 identifying referral barriers, the lack of a formal protocol (n = 1) and cost of PrEP (n = 1) were identified as the greatest obstacles.
Among the 54 LHDs not prescribing PrEP at the time of survey, the most frequently cited reasons included concerns about the cost of PrEP (n = 25, 46%), lack of a formal protocol for PrEP initiation and maintenance (n = 21, 39%), and concerns that PrEP would be better prescribed in a primary care or specialty clinic (n = 19, 35%) ( Table 1) . Among the 47 health departments not externally referring clients for PrEP at the time of survey, the most frequent reasons for the lack of referral included the lack of local PrEP providers (n = 29, 62%), lack of PrEP awareness and knowledge among health department staff (n = 13, 28%), and perceived lack of clients appropriate for PrEP (n = 12, 26%) ( Table 2) .
Among all respondents, the most frequently perceived optimal roles of LHDs in PrEP implementation included referral of clients to external PrEP providers (n = 40, 71%), PrEP education and outreach to clients and community members (n = 39, 70%), PrEP education and outreach to local health care providers (n = 28, 50%), and on-site prescribing of PrEP (n = 18, 32%).
Desired Resources for PrEP Implementation
When asked what PrEP-related resources would be most helpful for each LHD, the most frequently requested resources included training on identification of potential PrEP candidates (n = 39, 70%), training on PrEP prescribing and management (n = 38, 68%), and PrEP education and outreach materials for clients and community members (n = 37, 66%) ( Table 3) . Among 42 respondents expressing a preference for potential PrEP training formats, the most frequently preferred options were web-based (n = 22, 52%) or in-person (n = 15, 36%) training events, with a minority of respondents preferring peer networks or forums (n = 3, 7%) or visits to health departments with existing PrEP-prescribing programs (n = 2, 5%).
DISCUSSION
Large-scale PrEP implementation in the United States could substantially reduce the HIV burden among at-risk groups. 11 The need to expand PrEP services is especially apparent in the Southern US, which has disproportionately high rates of new HIV diagnoses and worse outcomes among persons living with HIV compared with other US regions. 18, 22 Creating access to PrEP services in rural areas remains a challenge, with the Southern states bearing the highest percentage of individuals with HIV living outside of urban areas of any US geographic region. 18 Integration of PrEPrelated services into publicly funded STD prevention and Prefer not to respond 3 (6) Lack of support or interest from the local board of health or other local public health authority treatment programs, such as those delivered by LHDs, has been reported as a potential strategy to augment the accessibility of PrEP among medically underserved and rural populations. [23] [24] [25] Our study reveals that implementation of PrEP services among LHDs in NC remains extremely limited. Only 16% of LHDs were engaged in PrEP activities at the time of this survey, whereas 62% of LHDs were not considering future engagement in PrEP activities. These results suggest that additional resources and funding would be necessary to build the infrastructure for PrEP services in the local public health sector. Importantly, greater than one-third of respondents in this study reported that the lack of a formal clinical guidance protocol was a barrier to PrEP prescribing, and training materials were among the most frequently requested PrEPrelated resources. Although comprehensive PrEP clinical guidelines are available, 7 the documentation is lengthy, and other studies have suggested that clinical personnel may not be aware of these guidelines. 26 Furthermore, there remains an unmet need to develop and disseminate guidance that is tailored to the unique structure, resources, and challenges of a LHD clinic. In this time-and resource-constrained setting, the use of point-of-care risk assessment tools to identify individuals at increased risk of HIV acquisition could be a practical and accessible strategy to screen for potential PrEP candidates. 27, 28 Roll-out of such tools would need to be coupled with skills-based training on identification of candidates for PrEP, drug prescribing and safety monitoring, counseling on medication adherence and behavioral risk reduction, and navigation of medication assistance programs. 29 Academic detailing programs, involving on-site education of clinic providers and staff, have been used to improve clinic readiness for PrEP services in other settings and could be further explored as a method to deliver PrEPrelated training to LHDs. 30 Not surprisingly, cost concerns were the most frequently cited barrier to PrEP provision in this study. LHDs are often in a unique position to engage harder-to-reach lowincome and uninsured populations at risk of HIV acquisition, but there remains a question of how to account for the costs of PrEP service delivery among these clients without diverting resources from other LHD activities. 13, 15, 25, 31 Recurrent medical costs associated with PrEP provision include clinic visits; screening tests for HIV, hepatitis B, and other STDs; periodic laboratory tests including serum creatinine levels; and patient counseling and aid with medication assistance programs. 32, 33 Although some of the laboratory costs associated with PrEP initiation and follow-up are already supported by STD clinic budgets, the public funding of these clinics throughout the US has recently faced the threat of budgetary reductions. 34, 35 Notably, at the time of this study, NC has not expanded Medicaid under the Afforable Care Act. To implement and sustain PrEP programs in LHDs, public health providers will need assistance to leverage existing funding mechanisms (eg, private health insurance, Medicaid, and medication assistance programs) as well as develop novel strategies for resource allocation.
In light of the barriers, the perceived optimal role of LHDs in PrEP implementation varied among survey respondents. Overall, preference was shown for referral of LHD clients to external PrEP providers as opposed to on-site prescription at LHD clinics. Direct PrEP provision at LHD clinics would promote access for medically underserved populations at risk of HIV acquisition and allow opportunities to integrate PrEP into comprehensive STD services. 23 36 A caveat, however, is that PrEP referral relies on a sufficiency of local, financially accessible PrEP-prescribing clinics. Among LHDs without the necessary infrastructure or personnel to deliver PrEP services, establishment of telemedicine services through collaborating LHDs or other institutions represents another potential strategy to expand PrEP access among rural populations. Ultimately, the optimal role of public health departments in PrEP delivery may depend on the local milieu, including local HIV prevalence, characteristics of the local population at risk of HIV acquisition, and the geographic and financial accessibility of local PrEP-prescribing clinics. Our study comes with limitations. First, approximately one-third of LHDs did not respond to our survey. In addition, health directors were chosen as survey respondents due to their ability to assess their respective LHDs' readiness for PrEP implementation and their role in programmatic decision making; however, fewer than one-half of the respondents directly provided clinical care to LHD clients. A dedicated survey of public health clinicians may provide further insight into the perceived need for, interest in, and anticipated challenges to PrEP referral or provision among clients. Finally, as this study only reports on health departments in NC, our results cannot be generalized to other states. However, a previous survey of a national sample of LHDs by Smith et al 37 reported similarly low overall rates of PrEP implementation, with higher rates of PrEP services among LHDs in the Western states. Next steps include further evaluation of PrEP capacity among LHDs in other states to assess barriers to implementation on a wider scale.
Although few LHDs in NC are currently engaged in PrEP prescribing or referral services, preparations for or consideration of PrEP activities were reported by several survey respondents. These findings, as well as the high level of interest in PrEP-related training resources, educational materials, and protocols among respondents suggest a potential for future expansion of PrEP services among LHDs across the state. Of note, significant efforts to build PrEP capacity have already been undertaken through the NC AIDS Training and Education Center, and additional LHDs in NC have recently received PrEP training and are working to implement PrEP programs in their area. 38 Addressing the challenges of PrEP implementation in the public health sector, including training, administrative, and funding needs, will be critical to meet the needs of underserved populations at risk of HIV infection.
